The effect of iron content on crystallization of a mica glaze as coating for fast firing stoneware substrates has been investigated. Measurements by differential thermal analysis (DTA) combined with X-ray diffraction (XRD) and scanning electron microscopy (SEM) have shown the development of preferential crystal orientation in the mica glass-ceramic glaze. By comparison with amorphous and partly crystalline glazes, an enhancement of the mechanical properties of coatings with aligned and interlocked crystals of mica has been observed.
The glassy nature of HIGHF and IGF frits as well as the evolution of crystalline phases developed in glaze tile after heat treatment were determined by X-ray diffraction (Philiphs X'PERT MPD diffractometer) with CuKα radiation. Scanning electron microscopy (SEM) on the surface of both as-produced and etched samples (2% HF for 1 min) was used to examine the microstructure of the glass-ceramic glazes. SEM observation (Philips microscope) was conducted at an acceleration voltage of 20 kV and energy dispersive X-ray (EDX) analysis with a solid-state detector (Be window).
To study the microhardness, Vickers indentations (Matsuzawa MHT2 microhardness device) on the surface of the glazes were performed applying a load of 1 kg. Each hardness value obtained was averaged from 10 indentations. The fracture toughness was calculated following the equation of Evans and Charles 12 :
where Hv is the Vickers microhardness, a is the half-diagonal of the indentation, and c is the half-distance between the opposite crack tips. represents the total amount of FeO + Fe2O3 in the IGF frit. The major components in the HIGHF frit are SiO2,B2O3,Na2O, and ZnO, whereas the IGF frit is mainly composed of SiO2,Fe2O3, and Al2O3. Table II gives the different mixtures prepared from diopside and granite frits. The iron content of those mixtures is also shown in Table II . As noted, the Fe2O3 content ranges from 0 wt% in mixture A, which is composed of only the HIGHF frit, to near 16% for mixture F, which is prepared mainly from the IGF frit (90 wt%). The frit mixtures were applied over ceramic tile substrates as explained earlier. After cooling at room temperature, glaze tile showed a homogeneous and glossy surface. Glaze defects as bubbles or crazing were not detectable. Figure 1 shows the X-ray spectra collected on the surface of glaze tile. The XRD pattern of sample A ( Fig. 1(A) ), which is prepared without addition of granite frit, shows that the HIGHF frit gives rise to an amorphous glaze. Nevertheless, the DTA curve recorded from a powder sample of the HIGHF frit (Fig. 2) shows its ability to crystallize, with two exothermic peaks at 720° and 950°C, respectively. This curve is similar to typical DTA curves of mica glasses reported in the literature, 13, 14 in which XRD was used to determine that the exothermic peak at the lower temperature (720°C in the HIGHF frit) corresponds to the crystallization of norbergite (Mg3SiO4F2) whereas the second DTA peak (950°Cin the HIGHF frit) is due to fluorophlogopite (KMg3AlSi3O10F2) precipitation. This means that although the HIGHF frit is adequate to lead a mica glass-ceramic glaze, the fast cooling rate (50°C/min) does not allow crystal growth during the manufacturing process, because an iron-containing frit has been used as a precursor of crystallization to give rise to a glass-ceramic glaze without additional change in the process conditions. and 30% of the IGF frit, respectively, shows a diffractogram without crystallization peaks.
Results and Discussion
However, the background in glazes B and C is lower than in glaze A, indicating either that glazes B and C are still amorphous, a structural change in the glass structure has taken place, or both glazes are partially crystallized with a percentage of crystalline phase lower than the detection limit of the XRD system (2% of crystalline phase). SEM confirmed the last supposition. Figure 3 shows the microstructure of glaze C prepared with addition of 30% of the IGF frit. The sample is mainly amorphous, but small crystalline regions are homogeneously dispersed on the glaze surface ( Fig. 3(a) ). These crystalline regions, which show irregular shape and size, comprise by small crystals whose average size is 0.5 µm (Fig. 3(b) ). Table III collects the EDX analyses conducted on glaze C. As noted, small crystals show greater Fe2O3 and ZnO content when compared with the average composition; thus this crystalline phase could be As for hexagonal and tabular habits found in SEM observations (Figs. 4(b,c) ), they are owing to the spatial orientation of biotite crystals with respect to glaze surface, as shown in Fig. 6 , so that hexagonal habit corresponds to crystals with the (001) basal plane parallel to the glaze surface while biotite crystals with the (001) plane perpendicular to the glaze surface show rectangular habit. n mica glazes 12 16 t. %) The development of preferential crystal orientation in the mica glass-ceramic glaze, together with a high interlocking of crystals, has resulted in the improvement of mechanical properties.
Thus, the value of fracture toughness of biotite glass-ceramic glaze F is 2.3 times greater than that of glaze A, which shows an amorphous behavior.
